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ABSTRACT

When Jimmy Carter became President of the united States in 1976
one of his priorities was to streamline and clarify existing laws and
legislation, by reviewing them.
to administer this project.

An Executive task force was formed

In 1979, under the Executive initiative,

the Environmental Protection Agency reassessed the medical and tech

nical evidence used to determine the standard for -ozone pollution.
Based on this review, Douglas Costle, Administrator of the Environ
mental Protection Agency, proposed a new standard for ozone fifty
percent weaker than the previous standard of 160 micrograms per cubic
meter (lJg/m 3 ).

Ther.e was widespread disagreement over the Environ

mental Protection Agency J s new standard.

Opinions ranged from the

view tllat the 160 ~g/m3 level should be maintained to the idea that the
ozone standard should be set at 400 lJg/m 3 to 480 \.191m 3 •

This paper examj nes the basic policy question:
proper ozone standard?

what is the

To pursue a solution, the legal guidelines

of the Clean Air Act will be examined, and the scientific and medi
cal literature on ozone addressed.

Once the proper ozone standard

is determined, the remainder of the paper will focus on the ozone
situation in Maine.

Maine is treated as a case study of the ozone

pollution problem in the United States.
are:

Some of the issues involved

the nature and properties of ozone, how meteorology and trans

port of ozone over distance affects the measures of OZOne concentra
tion, and the adverse effects of large concentrations of ozone.
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The questions posed include:

why are there violations of the ozone

standard in Maine, what mechanisms can be developed .I.or controlling
ozone I and what are the major drawbacks to these methods for reducing
the concentration of ozone.

Finally this paper relates the insight

gained in Maine to the ozone issues in the united States, and suggests
possible courses of action.
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I. OVERVIEW OF rnvESTlGATION

The Clean Air Act
In 1955 Federal air pollution legislation

was enacted providing

Federal support for air pollution research, traini.ng, and technical
assistance.

Responsibility for the administration of the program

was given to the Public Health Service of the Department of Health,
Education, and Welfare until 1970 when the Environmental Protection
Agency was created.

Subsequently, in 1971, the Clean Air Act was

enacted.

General Provisions
One task set before the Environmental Protection Agency was to
determine two standards for photochemical oxidants.

The national

primary ambient (surrounding) air quality standard is defined .in 42
USC §7409 as an air quality standard which, allowing for an adequate
margin of safety, is requisite to protect the public health; especial).y
the nation's five-to-ten million asthmatics and those with other

chronic respiratory diseases from the adverse effects of excessive
air pollution.

More

stringent by definition, the national secondary

ambient air quality standard is defined as the level of air quality
which is requisite to protect the public welfare from any known or
anticipated adverse effects associated with the presence of ozone in
the ambient air.

(42 USC §7409)

Adverse welfare effects include

damage to soil, water, crops, vegetation, man-made materials, weather,
Visibility I hazards to transportation, personal well-being, and comfort.
Costs are not to be considered in setting and complying with the
standard.
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Setting the Ozone Standards
The scientific, technical and medical bases for the oxidant air
standards were published by the Department of Health, Education, and
Welfare in 1970, based upon a study conducted by Schoettlin and Landau
(1961) .

In part, the study called for a primary and secondary oxidant

standard of 160 lJg/m3, not to be exceeded IOOre .than one hour yearly. 1

Each state has the primary responsibility to determine the air
pollution problems of the state, and must submit to the Administrator
of the Environmental Protection Agency, a State Implementation Plan by
which the ambient air quaJ.ity standards will be achieved and maintained. 2
However, states are allowed the opportunity to define standards which
are more stringent than those the Federal GOvernment proposes. 3

The Federal GOvernment has published guidelines to aid states try

ing to achieve ozone standards through emission reductions.

Reasonably

Available Control Technology (RACT) is one guideline for specific source
categories of hydrocarbons.

RACT is considered the lowest emission

limi t that a particular source is capable of meeting by the application
of a control technology that is reasonably available considering techno log
ical and economic feasibility. 4

Although RACT has not identified or es

tablished estimates of control technologies and efficiencies for all
sources of hydrocarbons, such as those used in the solvent evaporation

136 FR s81B6.
242 USC §7407.
342 USC s7417.

4U. S. Environmental Protection Agency, Cost and Economic Impact
Assessment for Alternative Levels of the National Ambient Air
Quality Standards for Ozone {North carolina 1979),p. 3-8.
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process category, it has made strident gains toward evaluating which
source categories of hydrocarbons can be controlled efficiently and
cost effectively.*S

Pollution abatement for mobil sources of hydrocarbons has also been
outlined through the Federal Motor Vehicle Control Plan.

Simplified,

FMVCP calls for the inspection and maintenance-..Dn all auto vehicles, and

the addition of pollution control devices on all cars. 7

Penalties
If a state does not carry out the reduction of pollution- as outlined
in its impl,ementation pl~: ~e Administrator is a..!'lowed to enforce any
requirement of_the~plan until the state satisfies the Administrator
that the plan will be implemented. 8

Also, if operators of major

sources of pollution don I t comply with state and federal pollution
standards, the penal ties, enforced by the Administrator, inc I ude a
civil action for injunction or a civil penalty of not more than
twenty-five thousand dollars per day.

If an operator of a major source

of pollution is offending the law after a previous conviction on the
same charCjes, he can be fined not

~re

than fifty thousand dollars

per day of violation, or by imprisonment for not more than two years. 9

*advance'd RAC'T is the term used to describe a control technology
for solvent evaporation sources of hydrocarbons. It should be Un
plemented by 19B7, reducing solvent hydrocarbons by sixty-five percent. 6

5Ib id., p. 3-9.
6Ibid .• p. 3-18.
7 Ib id., p. 3-2.
842 USC §7413.
9.!bid.
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Revision of the Ozone Standard
Upon completing a review of the Schoettlin/Landau ozone study of
1961, the Environmental Protection Agency in June, 1978, proposed

several changes in the existing photochemical oxidants legislation.
The Environmental Protection Agency outlined new pri.ma:cy and secondary
standards of 200 ~g/m3, and announced that a single constituent of
photochemical oxidants, ozone, would be used as the criterion for
measuring photochemical oxidant levels. lOIn January 1979, when the
revisions were finalized, the primary and secondary standards for
photochemical oxidants were altered from the original 160 ~g/m3 to
240 ug/m 3 , and ozone' became the designated measure of photochemical

oxidants.

Responses to the 1979 modifications were varied.

Senator Edmund

Muskie of Maine, chairman of the Senate Subcommittee on Environmental
Pollution of the Senate Committee on Environment and Public Works, said,

to • • it
(the decision) is based apparently on economic factors
and not health factors, which the Clean Air Act mandated as
the basis for the standards. There is no research from a health
point of view which justifies the change at this point •.• I
think it's a wrong decision." 11

At a hearing before the Senate -Subcommittee on Environmental Pollution
it was noted that the Environmental Protection Agency convened a panel
of experts in the study of health effects of oxidant pollution, to
aid in its reconsideration of the standard.

These- eXperts concluded,

10The Bureau of National Affairs, Environment Reporter
p. 1813.
1l Ibid., p. 1820.

(1979)

I
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" .• there is no compelling reason to suggest a change from
the concentration defined by the existing primary air quality
standard, namely .08 ppm I .160 ug/m 3 J." The panel added
that it "recognized that this standard provides little margin
of safety." 12

In concurrence with the assessment of the panel of experts, the National

Academy of Engineering, which constitutes one part of the National
. Academy of Science, examined the health standards for oxidants and
other pollutants in 1974 and stated that,

"the present margin of safety is said to be only twenty per
cent. The experimental error, even in controlled clinical
experiments is at least thirty-five percent and is probably
much greater in uncontrolled epidemiological studies; there
fore a twenty percent margin of safety seems unreasonable
when taken by itself." They continue, "a reasonable margin
of safety would be an air quality standard at least fifty
percent below the exposure concentrations at which illness
has occurred." 13

The National Resources Defense Council (NRDC), an environmental
organization, voiced its reply in the following way,

"the decision to adopt a fifty percent higher national
health standard for ozone (240 ug/m 3 ) will not be based
on any· new understanding of the evidence linking oxidants
to disease, for the case against oxidants is, if anything,
stronger than it was seven years ago when the present
standard was set." 1q

Generally, environmentalists argued that the 160 llg/m 3 standard should
not be changed, while industry representatives have pushed for a stan
dard higher than 320 J,ig/m 3 , and as high as 480 \.Ig/m3.

Robert Rauch,

staff attorney with the Environmental Defense Fund commented that,

12 Coordinating committee on Air Quality Studies, Air Quality &
Automobile Emissions Control
(Washington, D.C. 1974), p. 119.
I3Ibid., p. 42.
l~ational Resources Defense COuncil, Statement Regarding Weakening
of the National Health Standard For OXidant Air Pollution (Washington,
D.C. 1979), p. 1.
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Mevidence suggests that at .12 ppm [ 240 ~g/m3 ] we will see health
effects. n15

Conversely, the American Petroleum Institute suggests

that "it (the 240 ~g/m3- standard) is far more stringent than medical
evidence shows is necessary to protect public health. 1116

Some indus

trial interests argue that cutting back pollution through intensive
expenditures on technology will redouble inflation.

Others believe

there are no substantial adverse health effects at 160 j..lg/m 3 and there
fore the standard can be relaxed without threatening the welfare of
the population.

Finally, some proponents of the 240 llg/m 3 standard

simply concede that the air quality in the Onited States has so de
teriorated as to render 160 ug/m 3 unattainable.

The implications of a relaxation in the OZOne standard are ex
tensive.

The principal effects of the revision are as follows:

if the ozone standard is relaxed, industrialization may continue to
expand without the necessity of spending large quantities of money to
vastly reduce emissions through the application of extensive control
technology.

More states will come into attainment for ozone stan

dards at 240 ug/m 3 •
probably not improve.

The aggregate ai.r quality in most areas will
There may be increased illnesses and sick days

as a result of the relaxation of ozone standards.
have more smoggy and hazy days.

We will probably

It is possible there will be a de

cline in agricultural production due to weakening the ozone standards,
since ozone pollution has been associated with a reduction in the yield

15ap • Cit., Environment Reporter, p. 1812.
16Ibid., p. 1812.
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of potatoes, soybeans, wheat and mixed conifers.

As a result of the

standard change. the deterioration of rubber, textile dyes, fibers and
paints will occur more rapidly. 17

The Clean Air Act attempts to protect the heal-th of the population
against hazardous pollutants such as ozone.

As demonstrated by the

preceding l;emarks, the opinions on what level of ozone protects. the
population are quite different.

Chapter II will examine what consti

tutes ozone, and will survey some experiments and observations of the
effects of ozone on animals and humans.

17U• S • Environmental Protection Agency, Ozone: Its Effects &
Controls (Washington, D.C. 1979), p. 4.

- B
II. A BASIC POLICY QUESTION:
THE OZONE STANDARD

Wb.a t

Is Ozone?
Photochemical oxidants are formed in the atmosphere from a complex

chemical reaction among solar radiation, oxides of nitrogen, and hydro
carbons.

Most oxides of nitrogen are emitted to the atIoc>sphere through

fossil fuel combustion, that is, combustion of petroleum, coal, natural
gas, or electric power plants.

Hydrocarbons are produced by the evap

oration of gasoline during fuel storage and handling, paper coating,
dry cleaning and other industrial processes in addition to fossil fuel

combustion.

OXides of nitrogen and hydrocarbons are called precursors

to ozone formation, because they must be present before OZOne can be
formed.

Ozone is often measured as an index of photochemical oxidants

in the ambient air and is the JOOst abundant component of the oxidant
mix, although other components of the ox..:!-dant group, including peroxyacyl
nitrates and suspended nitrites are more toxic in smaller quantities.
Ultraviolet radiation from sunlight is required for the photochemical
reaction.

Ozone episodes, therefore, typically occur on sunny days in

spring, summer, and fall, when the sun is high enough to provide suffi
cient ultraviolet radiation.

On cloudy days, and during the winter

months, ozone concentrations are rarely high.

Heal th Effects of Ozone
For many years studies have been conducted by scientists trying
to compute the actual threshold when ozone adversely affects human health.

All studies have concluded that there doesn I t seem to be an actual
threshold, rather, the effects of ozone can be observed even at

- 9 
concentrations close to zero.

Thi.s complication exacerbates the pro

cess of determini.ng a margin of safety for ozone, as mandated in the
Clean Air Act.

However, experiments on .laboratory animals and obser

vations of humans under stress of different ozone levels have advanced
pertinent conclusions about the relationship of ozone to ill health.

Photochemical oxidants do affect the respiratory tract of humans,
and also cause divers irritation to the eye.
bient concentrations of ozone, adults

At ambient or near am

haveexpe~ienced

increased acute

l~wer

respira tory tract disease, such as bronchitis, pneumonia and other chest
illnesses, and burning sensations in the upper part of the chest. 18
An experiment in 1977 reports a significant increase in airway resis

tance after two hours exposure of subjects to ozone at concentrations
as low as 200 ~g/m3.19

DeLucia and Adams (1977) demonstrated these effe.cts on adults in
the most healthy quintile of the population With one hour exposure to
ozone measures of 300 ~g/m3 and during· mGderately- vigOrous :exercise
Their study showed that,

"any exercise even as mild as gardening, markedly increases
the effects of ozone. These effects are mostly coughing,
wheezing, shortness of breath, which can result in fatigue,
dizziness, nausea, and headache ... 20

DeLucia and Adams cautioned that the symptoms they observed on heal thy
individuals would likely occur at a much lower concentration than

18Amer ican Lung Association, Health Effects of Air Pollution
(New York, 1978) p. 8.
19Ibid., p. 33.
20'
•
Ai' r Quality & Automobile Emission Control, p. 140.
Op. C~t.,
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300 \Jg/m 3 among older people and those. suffering from pulmonary
.

diseases.

-

As a result of their observations, DeLucia and Adams con

cluded that a standard of 240 lJg/m3 would provide no margin of safety
for susceptible people even- at the ·leye1. of· exertio"n associated with
normal walking.- 21

Asthmatic patients represent a segment of the population who are
susceptible to the adverse health effects of ozone at low concentrations.
Increased rates of asthma attacks have been noted during episodes of
photochemical violation.

Studies based upon daily diaries kept by

asthmatic patients have shown a positive correlation of response between
asthma attacks and days of higher ozone measurements.

Ozone proved to

have a significant effect on asthmatic health and respiration. 22

Experimentally, ozone has produced extensive changes in the res
piratory tracts of animals.

Exposure to ozone in the. range of 200 to

1000 lJg/m 3."i.nduced actual structural changes in lung tissue and an 10

creased susceptibility to pulmonary disease. 23 . -Ozone has also been
demonstrated to induce emphysema-like changes in the lungs of exposed

animals.

Impaired resistance to respiratory infection such as pneumonia,

in general has been attributed to exposure of laboratory anjmal s to

ozone concentrations _at or below 200 lJ9/m 3 for one hour. 24

Among scien__

tists there is aqreement that this effect probably occurs in people at

tit now appears that the instrument used in Drs. DeLucia & Adams'
study systematically overstated the ozone concentrations so that
the effects they observed probably occurred at concentrations of
2~0 ~g/m3 or less.
21 Ib ~"d;,

p. 120 .
Health Effects of Air Pollution, p. 8.

22Op. Cit.,
"2 3 Ibid., p.

9.

__

2~U.S.Env~nmerital-~otection AgenoY, Ozone: Its Effects and
COntrols "'(Washington, D.C. 1979), .p. 121.
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such levels of ozone although medical ethics do not· allow such an exper
iment to be carried out. 25

Animal e.xperi.Jne:lts have enabled scientists

to observe a premature aging in the respiratory system of animals.
One especially pertinent observation was that the elasticity of lungs

was greatly reduced, due to ozone exposure. 26

Older members of the population, and those who suffer from res
piratory diseases are not the only ones adversely affected by orone.
School children have been observed in order to establish whether vari
alions in ventilatory function can be related to geographic difference
in ozone.

Studies of this nature have been documented in Japan,

Netherlands and the United States.

canada,

The observations tended to show that

children living in polluted areas exhibited a reduced ventilatory func
tion as COmPared to children living in less polluted areas.*27

In the 1977 amendments to the Clean Air Act, Congress strengthened

the goal of protecting human health from the adverse effects of air
pollution, including ozone.

The consensus among scientists is that

adverse health and welfare effects have been demonstrated conclusively
at 300 ~g/m3.

It is of the highest import, however, that the standard

for ozone be set, not just at the point where the health of the average
member of society is undermined, rather in accordance with the Clean
Air Act which states the standard must be set at levels where risk of
possible unfavorable health effects may be apparent to the susceptible
portion of our population. 28

*A11 observations were adjusted for age, sex, height, race and
social class.
25 Ib ~"d ., - p. 121 .
26ap.

cit., Statement Regarding the weakening of the Ozone

Standard, p. 5.
27 I bOd
1. . , p. 8 .
28 3-6 FR §81B6.
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Implementation Of An Ozone -Standard
Although the economic costs of complying with air quality stan
dards are specifically denied a place in the standard setting process
under the Clean Air Act, two areas of economic consideration will be
investigated at this time.

A benefit-cost survey and the general

effects of air pollution control on the aggregate economy lend an
adequate overview to the effects of pollution control in an industrialbased, capitalist society.

A look at some cost and benefit ramifica

bons of pollution control will be usefully applied to the political

.

aspects of supporting pollution control-and implementilng appropriate
legislation.

Economic COnsiderations

Haveman and Weisbrod (1975) have determined that,
"In classic benefit/cost analysis the primary goal. is eco
nomic or allocative efficiency, where allocativ~ efficiency
as an economic good refers to the fact that it is sometimes
possible to reallocate resources-,,:,perhaps increasing or de
creasing the amount of resources used for air pollution con
trol--in ways that will bring about an increase in ,the net
volume of output produced by those resources ... 29

The basic approach when trying to develop a benefit-cost study is
to systematize all the effects of a given proposal and then classify
them as benefits or costs.

In pollution control, benefit/cost analysis

is disposed toward rejecting pollution abatement, due to consistently
underestimated benefits and overestiDlated-costs.

Lave and Seskin (1977)

acknowledge this impass with the following example.

29Lester Lave and Eugene Seskin I Air Pollution and Human Beal th
(Maryland 1977), p. 38.
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"The most common way of measuring the costs of abatement
is to estimate the cost of adding an abatement device that
would reduce emissions from existing facilities. But adding
a device is economically inefficient since it may also de
crease the operating efficiency of the firm. In the long
run it is often more economical to construct a new plant
designed to control emissions even if the initial invest
ment is quite high. Furthermore, if analysis shows that
abatement is justified, a strong case' can.be made for prompt
. ac.tion." 3 0

Economists have had difficulty trying to quantify the benefits of
improved health, visibility; living longer.

Three methods for placing

monetary qualifications on life and health have been developed.

These

are foregone earnings, wi.llingness to pay, and the implicit valuations
on life and health based on public and private decisions. 31

These ap

proaches represent a move in the right direction, however upon close
inspection there are serious weaknesses with each proposal.

Foregone earnings is a reasonable economic indicator of the costs
of pollution, perhaps representing sick days due to pollution induced
illnesses, but only for those who are employed.

Foregone earnings

systematically excludes retired people, chi.ldren, and the majority of
women in society.

Secondly, this approach has no place for exceptional

cases, for example, the pers.on who is. not sUsceptible to the illheaJ.th
effects of ozone yet places a high value on the aesthetic pleasure of
visibility.

Or another case is the person who is ill from pollution,

but simply cannot take a sick day.

The second and third criteria share a shortcoming, that is, they

are both extremely difficult to quantify.

3 0 Ibid., p. 218.
3 1 Ibid., p. 219.

In the case of' willingness
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to pay, the free-rider concept must be seriously considered.

If every

one in a town is asked how much he would donate toward controlling
pollution, a person would be very likely to understate his desire
( and therefore his willingness to pay ) for controlling that pollution

because he knows that neighbors and others in the town would pay a per
centage.

Inherently, pollution control is a public good--meaning that

once the money is collected and the technology added, no one can be
excluded from breathing the clean .air j regardless -of how -little he
contributed toward cleaning it up.
is very subjective.

In a similar manner, approach three

Implicit valuations as a term states explicitly

the inherent ignorance of how those private and public decisions were
arrived at.

A person may be asthmatic, and given the opportunity,

would move to a rural area--implicitly putting a high valuation on
clean air.

If that person is on fixed income and has a large family

to support, it may be impossible to represent that implicit valuation.

In general terms, Lave and Seskin outlined the direct benefits of

air,:pollution abatement as: improvements in human health, lessened dam
age to plants and an j ma 1 s, lower cleaning costs, and longer lives for
various materials and structures, in addition to the unquantifiable
aesthetic benefits. 32

The direct costs of air pollution control are:

the costs of new

capital equipment required, of modifying existing equipment, and of op
erating the equipment.

32Ibid., p. 210.

A more subtle cost relates to the fact that many
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current or prospective control processes and designs can no longer be
used since they do not meet the newer regulatory standards.
also indirect costs associated with pollution control.

There are

For example,

plants of limited profitability must shut down if they cannot cover the
costs of the new control equipment, or of mOdifying existing equipment.
These

shu~downs

impose costs not only on employees who lose their jobs

and move away, but also on the cities and towns whose economic base is
dependent on the plants and employees for tax revenues.

Finally, there

are costs incurred designing and implementing a pollution abateme nt
policy. 33

Henry Peskin concludes,

Nevertheless, it is impossible to prove that all
the benefits of a clean environment have been quantified.
In particular there may be overriding social benefits gener
ated by cleaning up the environment· that are of a public
commodity nature and that are_independent of any private or
regional gains. Those who assert that a clean environment is
a national birthright to_which all are entitled are implicitly
asserting the existence of such a benefit. 34
II

On the aggregate level, costs of implementing environmental policies

do affect the Gross National Product (GNP).

Haveman and smith point out

that it has often been argued that the expenditures required for pollu
tion equipment will impose a substantial strain On financial markets.
By mandating investment in pollution abatement equipment, it is suggested,

federal policy will divert capital from more productive growth inducing
Ulvestments in plants and equipment.

When the capital needs for abate

ment equipment are added to the other projected capital requirements for

33 Ib id., p. 21l.
34Senry Peskin, Environmental Policy & the Distribution of Benefits
and Costs (Maryland, 1978), in U.S. Environmental policy p. 162.
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the next decade, the strain will be too great. .• and the aggregate
economy will suffer as a result. 35

This is the impetus of the argu

ment advanced by Charles Schultze, chai..rman of the President's COuncil
of Economic Advisors.*

Haveman, a Professor of Economics at the University of Wisconsin,
and smith, from the public interest group Resources for the Future, re
fute this persuasion writing that,

"it doesn't seem to reflect an accurate appraisal of the pro
cess of capital formation in the United States. Even when the
diversion of investment is taken into account and treated as
nonproductive, the macroeconomic estimates yielded suggest
that the impact of envi.ronmental. policy on real GNP is nega
tive, but quite small. Over a period of time, real GNP contin
ues to grow at a somewhat reduced rate. Thus while the required
pollution abatement investments serve to reduce real GNP, they
aren I t sufficient to i...nh.ibi t growth." 3 6

World News Digest, in agreement with Haveman/smith, surmises that
in the past, federal rules requiring the clean up of air pollution added

slightly to the United States I inflation rate, but this was nearly off
set by the gain of new anti-pollution jobs that reduced unemployment.
Their· findings. come frem a -repert

pre~ared

by .the .President 'oS Counc=i:1 on

Environmental Quality and The Environmental -Protection Agency, based upon
economic statistics since 1970 and forecasted economic performance through
It· is important to note: the high cost of

s~ting

the clean up programs

*CEA chairs the Regulatory Analysis Review Group. RARG was organ
ized by Federal order 12044 in 1978, when President carter decided
to undertake an effort to improve the quality of analysis underlying
regulations. RARG is composed of representatives from all of the
economic and regulatory agencies of the Federal Government. RARG sent
a notice to Castle outlining why the standard for ozone should be
relaxed between 100 and 150 percent.

smith;-- Investment,' Inflation,

3·S Robert Haveman ~d ':i. Kerry
ment, and ·the Environment
(Maryland
policy, p .. 190.
361bid., p. 190.

Unemploy
1978), in U.S. Environmental

-_17 

meant that the inflationary impact was heaviest in the early years of
the study and would decline later. 37

Richard Ayres speaks ferverentiy in defense of environmental
legislation and accusatorially says,

"environmental laws have only the slightest impact on the
price of goods and services, yet increasingly the White
House is scapegoat.4lg environmental programs rather than
the real causes of inflation--the soaring costs of neces
sities such as food, fuel, housing and medical care ... 38

In part, both positions are defensi..ble, Schultze and Ayres, Seskin,
- Young and Haveman are all agreed that money should be allocated effi
ciently.

Schul tze and many others believe technological expansion and

increasing GNP and per capita wealth are the areas where capital should
be concentrated.

Sesk±n,' La~e, _~ Young;

Ayres --~d

others _feef our re

sponsi..bility is with cleaning up pollution which unregulated industry
has given us.

They argue money is not wasted and growth in the economy is

not stunted when capital is used to make industry comply with strict
pollution standards.

These opposing viewpoints represent the political

dilemma faced by every policy analyst.

"In practice it must be recognized that policy-makers
evaluate alternative programs in tenns other than effi-
ciency for example, equity and political goals often take
precedence. Pollution control is an extremely political
issue, and in local areas the distribution of benefits
and costs will often be more important than the aggregate
efficiency.,,39

37wor ld News Digest, Facts on File (February 1979), p. 129.
38Richard Ayres, Testimony: Hearings before the Senate
Subcommittee on Environmental Pollution (February 1979), p. 102.
39Op. Cit., Air Pollution & Human Health.
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Political Aspects
If asked, most people in positions of political responsibility
would answer they are in support of environmental legislation which
would protect the public from the adverse effects of air pollution.
Everyone wants to breathe clean air

I

live long and heal thy years and

guarantee other generations the same privileges.

However, the process

of cleaning the environment for the welfare of the public is not com
plete until the support for pollution regulation is transformed into
programs of implementation at the state and local level.

At this

stage of environmental regulation the political ramifications of pollu
tion control at the local level have a vast influence on what kind of
pollution is cleaned up, from which source it is controlled, and to
what degree of stringency the pollution standard is set.

Decision-makers at the Environmental Protection Agency had to
contend with political influence directed toward them from people in
several levels of government, including bureaucrats from the Executive
and state governments, legislators in Congress and state government
officiaJ.s, -.and also experts in the area of ozone pollution control who
were enjoined as advisors to the Environmental Protection Agency.

outside the government, but having a lot of political power, multi
tudinous public and private interest lobbies in Washington and states
exercised their power to influence the Environmental Protection
Agency's decision on what ozone standard should be promulgated.

Baving

existed for some time and gained credibility and financial security,
established lobbies have extensive contacts and political influence at
most levels of government in the capital.

These lobbyists are
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professional, knowledgeable, and very persuasive on their special
interest issue.

The orbit of influence of lobbies reaches beyond

government officials and into the population at large, usually through
newsletters and newspaper editorials aimed at increasing .public aware
The strongest lobby for weakening the ozone standard was the

ness.

American Petroleum Institute.

In support of maintaining the ozone

standard. the National Resources Defense Council. and Environmental
Defense Fund were outspoken.

As

previously mentioned at the national and local levels political

representatives are very interested in how a law will affect thei·r
constituents.

Obviously a representative from a textile area would

feel strongly about environmental regulations that could effectively
raise prices in his area, cause unemployment, and conceivably put him
out of office.

Although he may personally desire pollution abatement,

he probabJ.y would not support an act which would have a contrary affect
on his constituents.

In thi.s situation the representative would likely

let his feelings be known to decision-makers, influencing the
Environmental Protection Agency through political channels.

At the Executive level, people with political power who worked
as advisors to the President spoke to the .Environmental Protection
Agency decision-makers as to what they perceived to be the proper
ozone standard.

Karl Braithewaite, who is the chairman of the staff

for the Senate Subcommittee on Environmental Pollution, feels that
political considerations and signals from the White House were central
to the Environmental Protection Agency I s relaxing of the ozone stan

dard.

He assessed the situation saying,
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"Costle is a team man, he wants to be on the right side.

When members of the President's COuncil on wage and Price
Stabili ty, and the Council of Economic Advisors from the
White Bouse approached him and advised that maintaining
the .08 ppm [160 ~g/m3] standard for ozone would strain
the economy, he listened very carefully. ,,40

Viewed from a political

perspe~tive,

the decision on what level

of ozone control is best to protect public health considering that the
implementation of pollution control occurs through political channels
is a multifaceted task with no simple solution.

40personal Interview. January 1980, Washington, D.C.
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A suggested Standard For Ozone
Thus far in this paper, the pertinent provisions of the Clean Air
Act have been surveyed; the policy question of setting an ozone stan
dard has been laid out.

Some of the scientifically documented evidence

about the health effects of ozone at different levels of concentration
have been presented, along with basic economic and political considera
tions in the design process.

Based on the studies undertaken to deter

mine responses of humans to ozone, _",especially Freeman and Associates
(1974) who reported increased susceptibility to airborn infectious

agents has been detected with ozone concentrations as low as 160 ug/m 3
for a three hour period, and DeLucia and Adams I conclusion that adverse
health effects had probably occurred at concentrations of 240 119/m3 of
ozone, I must conclude the responsible standard for ozone is 160 ug/m 3 • 41

The remai..ni.ng sections of -this paper will take ozone out of its
previously abstract sense and apply it to the state of Maine.

First a

brief summary will be given about the state and its industry, then the
ozone issues will be presented.

These issues include _the following:

What are the o%one problems in Maine:-?
What effect does transport of ozone -over distance have
on its measures in Maine?
Finally, what can be done about this problem ?

41 Freeman and Associates, Health Effects of Air Pollution
(New York, 1978), p. 33.
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III. MAINE

BaCkground Information
Maine provides an interesting case-study analysis of the oxidant policy
revision for several reasons.

In area, Maine is as large as the other New

England states combined yet it has an average population density of thirtyfive people per square mile, compared with Massachusetts and COnnecticut,
which have roughly six hundred people per square mile.
acres designated as state or national parks.

Maine has 436,064

Eighty-four percent of the

State is forest with seven million cords of new wood grown annually, making
Maine the most forested state in the Country. 42.

Often considered rural and backward, Maine, in reality, is a manufac
turing state-manufacturing represents twenty-eight percent of its gross
state product-, proportionally more than the nation as a whole: accounting
for twenty-five percent of the entire Onited States manufacturing output.
Forest products dominate the market, with paper, lumber, wood, and furniture
representing forty-three percent of the value of product of all Maine manu
facturers.

Paper canstitutes thirty-two percent of the total.

Food pro

cessing is the second most valuable manufacturing industry while tourism
ranks third. 43

Although it has a well-defined manufacturing base, Maine is not a
weal thy state.
country.

The median income in Maine is one of the lowest in the

Decision makers in Maine, as in other less developed states,

face a dilemma when designing pollution policies for the state.

These

policy analysts are very aware of the trade-off between economic·- develop
me.nt through industrial expansion, versus environmental protection

42 Ma ine Marketing Directory
43 Ibid .

(Maine

1978).
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through stringent pollution control legislation.

This trade-off is

particularly acute for states like Maine, :for two basic reaSODS.

First,

a poor state depends more heavily on the revenue generated from industries,
and secondly the people rely on the jobs which the industries afford to
them as their only source of real income.

A healthy relationship between

industry and the prosperity 0"£ the people and state wherein the industry
resides, is not as crucial to the economic success of a wealthy state.

If Maine, in an effort to reduce the air pollution in the state
(thereby protecting the health of its residents) requires substantial
cutbacks in industrial pollution, it is possible that an industry which is
operating at the margin,

wh~e

costs equal its revenues, would have to shut

down because it couLd not afford the additional pollution control expenses.

Likewise, an industry might opt to move to another state where pollution
control laws are less ·stringent, and therefore expenditures for pollution
control equipment are less.

Both these cases suggest that the economic

losses resulting from stringent pollution control may be especi.ally severe
for a poor state.

For most state governments, integrating these objectives of protect
ing health and pursuing economic growth is difficult.

Among less wealthy

states, this balance is even more precarious, as a policy initiative which
leads too far in either direction (pollution control or industrial growth)
will have immediate repercussions--to the welfare of the state and its
residents.

Manufacturing has an effect on air pollution in all areas of the
United States and Maine is no exception.
regions in the state:

There are five air qua1.ity

Metropolitan Portland, Central Maine, Down East,

Northwest, and Aroostook (see Figure 1).

These regions were established
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for the purpose of conducting air quality studies and eStablishing
reasonable ambient air quality standards.
measuring air pollution are:

The five criterion for

carbon monoxide (CO), nitric oxide (NO),

sulfur dioxide (5° 2 ), ozone (° 3 ), and total suspended particulates (TSP).
The Ozone Problem in Maine
Predictably, the air pollution problems in Maine are most seri
ous in the large industrial areas.

For example, the entire MeL""Opolitan

Portland region is classified as a nonattainment area for. the 160 ~g/m3
ozone standard. 44

It is no coincidence tha~ Greater Portland has five

industrial parks and -more than five thousand acres of industriiU.ly zoned
land available for manufacturing.

OVer twenty-five percent of its indus

try is concertrated in lumber and wood products and textile mills. 45
In addition to Greater Portland, there are six nonattai.nment areas

within the air quality control regions in Maine.

They are all considered

nonattai:nment because of TSP concentrations;. i:ri -aadi. tion I . t""ci areas have

co problems. 46

In four of the areas mentioned above, there is a major

industry which is not in compliance with Federal air quality standards.

Maine's record for attainment of the ozone standard is no better.
On the basis of data collected in 1977 at various si tes in the state,

the air quality regions of Metropolitan Portland, Central Maine, and
Down

East were designated nonattainment for the ozone standard of 160 ~g/m3,

while Aroostook and Northwest were considered unclassifiable, pending
further study. 47

(see Figure 2)

44 oepart:ment of Environmental Protection, Maine State Implementation
Plan (Maine 1979).
~Maine Department of ManPOWer Affairs, Fiscal Trands: cumberland (1979).
46Op. Cit., Maine State Implementation Plan.
47 Reg ional Administrator t s Annual Report, Environmental Quali ty in
New England (Washington, D.C. 1979) .

- 26 -

FrGURE 2

~Z~NE

N~NRTTRINMENT

AIR QUALITY

C~NTR~L

REGIClNS

SOURCE: EPI1

- 27 

Sources of Ozone
There are three man-made causes of ozone violations that can be
categorized as:

(1)

those cases where precursor emissions and the standard vio

lations take place reasonably close to one another--meaning the problem

is localized.
(2)

those cases where problems are almost solely man-made, but

the -ozone is transported over long distances so that the violation is
widely separated from the cause.
(3)

those cases where appreciable amounts of ozone are advected

into the area, and the standard is exceeded when. the advected ozone is
supplemented by that produced from local emissions. 4B
The ozone situation in Maine most closely resembles case (3), with
a large amount of ozone being transported downwind from the south.

Ozone Transport
Several studies have been undertaken concerning the transport of
ozone in New England.

In Maine, the Department of Environmental

Protection observed the relationship of wind direction trajectories
and violations of the ozone standards in cape Elizabeth.

The results

overwhelmingly indicate a strong correlation between wind from the
south and southwest quadrants when ozone standards are exceeded.

Figure 3, developed at the Maine Department of Environmental
Protection shows the relationship between the number of hours concen
trations of ozone exceeded 160 ~g/m3 and the wind direction at cape
Elizabeth.

Each trajectory represents a violation of the standard

4BF. L. Ludwig, Abnospheric Processes Affecting Ozone Concentrations
In Northern New England
(washington, D.C. 1978), p. 20.
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of 160 \Jg/m 3 .

The violations for example at 180 0 are occuring ""ith

winds moving from the south up to Maine.

winds were from the south for

almost 100 hours, as compared with winds from the west amounting to
about five hours of ozone violations. while the winds from the north
are negligible.

A comparison

was also made between the time of maximum concentra

tions of ozone in cape Elizabeth, Maine and Portsmouth, New Hampshire.
approx-im.ately fifty miles south.

The time of maximum concentration in

Portsmouth preceded the violations in Maine by almost three hours.

It was also noted that the concentrations of ozone were of similar
composition in both areas (see Figure 4).

It becomes apparent from the

trajectory study and the ozone monitoring in New Hampshire that ozone is·
indeed transported downwind into Maine.

F.L. Ludwig, a meteorologist at Stanford

Researc~

Institute, de

veloped a study of ozone in the northern Northeastern United States and
later, specifical.ly in Maine.

His research supports the thesis that the

transport of ozone is a major factor in Maine I s noncompliance with Federal
standards.

The trajectory and wind analyses both au;gast--that Maine is

often affected by emissions from the larqe urban 4Ieas toward the south.
He elaborated on the specific problem of transport in Maine by observing

the following:
liThe trajectory analysis indicates that the most impor
tant source areas, when the standards are violated at cape
Elizabeth, are in northern Massachusetts, southern Vermont,
and New Hampshire. The western parts of Massachusetts, and
eastern parts of New York state, south of Schenectady also
have some involvement. Appreciable effects could be observed
for between lOD-300km downwind of some cities. ,,49

49F • L • Ludwig, Ozone in Maine

and Its Origins (Maine

1979), p. 28.
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Ludwig concluded, "the evidence seems to leave little
doubt that ozone produced from emissions generated out
side Maine, and subsequently transported into Maine,
represents a very significant part of the state's air
qual.i ty problems." 5 0

It is apparent that the meteorological in£luences on ozone have

an extensive effect on ozone transport.

Frequencies of excessive con

centrations are found in the seasons of spring and summer, with the
highest concentrations between May and August.

There have been no ozone

violations in Maine between OCtober and February.

Furthermore, certain

meteorological conditions are consistently associated with high ozone
concentrations, including high temperatures, high insolation, and light
winds from the southwest quadrant which tend to Parallel the coast
during their northern movement. Sl

Ludwig deduced that,

"the northwest quadrant of a high-pressure system, called
an anti-cyclone, is the most common location for high ozone
concentrations in northern New England. The extreme western
boundaries of a high-pressure system are often amenable to
ozone formation, especially in areas where the air moving
from the southwest passes over an extended emissions area,
for example, Boston ... 52

Another weather category of importance is the wa:cm. air region of

the wave between a cold front and a warm front.

In addition, sea

breeze bas a great impact upon ozone concentrations.

In the

morning,

the precursor- pollutants, nitric oxide and hydrocarbons can be carried
out over the ocean in the wind, and are effectively separated from
surface air by a layer of stable air.

This layer i.nh.i.bi ts mixing, which

50 Ib id., p. 76.
51 0 . S. Environmental Protection Agency, Ozone in the Northeast
United States (Washington, D.C. 1977), p. 29.
S2Op. Cit., Atmospheric Processes Affecting Ozone Concentrations
in Northern New England, p. 34.
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means ozone formed from the precursors will not mix down to the surface,
where it is breathed and measured.

The insolation and photochemical

reactions continue and concentrations of ozone above the stahle layer
of air increase.

wanner relative

si.mul tan eous _to -this process, the land is becoming
to the water, which meteorolO<Jically results in a ther

mally induced circulation of ozone or its precursors through the stable
layer and toward the lower layer of land air.

Acoreting to Lyons and

Cole (1976) air returning to land in the afternoon, rich with ozone,
causes maximum concentrations to be found some distance inland from
the shore. 53 (see Figure 5 below)
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53Op. Cit., Ozone in Maine and Its Origins, p. 11.
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Analyses worth noting were made by Ludwig, zeller (et. al., 1977)
and Spicer (et. al., 19:]7).

Ludwig cites a study using ::-outine Portland

winds and ozone data for 1976.

There were sixte-en afternoons or early

even1.ngs during wh-ich ozone concentrations 'were greater than 160 119/m3.
In all but one case, the winds were on shore with a southerly component

during most of the period of violation.

In fact almost eighty-five

percent of the eighty hours involved fit into the onshore flow category.
Of the fifteen days when the afternoon ozone violations occured with on
shore flow, fourteen had an offshore flow earlier in the day.54

Zeller noted similar effects in Boston where the ozone "plume" from
the city was observable for long distances downwind.

Concentrations in

excess of 160 Vg/m3 were recorded aloft as far as 200 kilometers downwind.
Zeller conjectured that this plume may be brought onshore downwind and
mixed groundward if conditions were right. 55

In agreement with these studies, Spicer has presented data showing

conclusively that ozone at high concentrations can be transported to an
area where the sea breeze could advect it to shore.

According to Spicer,

the origins of the high ozone concentrations observed off the coast of
Maine were emissions from Philadelpbiaand New York on the preceding day.56

Since there were no ozone data for the northern parts of Maine, it
was neither possible to identify periods of high concentrations nor con
struct trajectories.

Correlations of wind direction and patterns

54Op. Ci t., :.:A:.::tmo=:.::s:..lOp:..::h:.:er=.:1.~·c:;...;Pr~o=c~e.:::s.:;s.;;e.;;s;.."..:.Af=-=f:.:e:..:c:..t=l.=·
n::.g~-=o.::::z:.:::o..:.;n:..:e:........:Co:.::.:n~c~e:;.;n:.;.tr==a.:;ti=o.:;ns=
in Northern New England (Washington, D.C. 1978), p. 63.

5SIbid., p. 62.
56Ibid" p. 63.
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associated with ozone concentrations in other parts of New England
suggest that Montreal and the industrial areas around Lakes Ontario
and Erie are most likely to contribute to any air quality problems
that might be found in northern Maine. 57

Localized Ozone
There are two categories of locally produced hydrocarbons, also
called volatile organic compounds (VOC), which are requisite precursors
to ozone formation,

resulting from stationary and mobil sources.

Considering them in that order, the stationary sources of hydrocarbons
and oxides of nitrogen are combustion sources, incl uding agricul tural
open burning, charcoal and oil burning, municipal and wood waste incin
eration.

Est.abli.shed factors in the development of hydrocarbons are

textile wool and silk printing, dry cleaning, degreasing, rubber and
plastic processing, petroleum refineries and storage tanks, and sheet,
strip and coil coating processes.

Mobil sources of hydrocarbons include

highway vehicles, aircraft. and ships.

It might be concluded from the preceding description of pollution,
tha t the air quality in Maine is in total despair.

not the case.

This, however, is

On the whole, outside those seven nonattainment areas,

the air in the state is quite untarnished, especially when compared with
other regions af the UrU.-ted States.

It is likely that the Department of

Environmental Protection will make a strident effort to control. the-local
ized problems of total suspended particulates (TSP) and carbon monoxide (COl.
The major question, therefore, is whether the Department of Environmental
Protection can contain ozone violations.

57 Ib id., p. 77.
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IV. ATTAINING THE OZONE STANDARD IN MAINE

Moni toring Data
In 1977 and 1978 ozone was IWnitored in eight areas:

cape Elizabeth,

Bridgton, Augusta, Southwest Harbor, Presque Isle, Gray, Portland, and
Unity.

(see Tables 1 and 2, and Figure 6)

In order to determine the impact of Maine sources of ozone, or pre
cursors to violations of the ozone standard, specific air quality data
both upwind and downwind of an area whose emissions are to be quantified

is prerequisite.

In 1977 Cape Elizabeth and Gray monitoring data were the

only available air qua1.ity data meeting those requirements.

Therefore,

Portland was chosen by the Department of Environmental Protection to be
evaluated as a sample region.

(see Table 3 for Ozone violations for 1977

in Portland) Being the largest metropolitan area, and the largest gasoline
distribution center in the state assures that if a control strategy could
be developed for Portland, the state would be able to successfully control

a great amount of its local ozone problem from stationary sources. 58

Each day that ozone was monitored in 1977, the standard was exceeded,
as shown in Table '3.

The Maine Department of Environmental Protection

started issuing ozone advisories in the sun:mer of 1977 when ozone concen
trations reached 200 um/g 3 •

During 1978 there.were several ozone advi

series for unhealthful and very unhealthful days during the summer.

very

unhealthful means the presence of ozone was measured between 200 and
300 lJg/m 3 •

During these Ozone advisories, elderly or susceptible people,

and especially those with known heart or lung ailments are most likely

S8 Maine Department of Environmental Protection, State Implementation
Plan (Maine 1979), p. 102.
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TAlli 1
FJTI OZO'£ mTA SlM~
#
SITE
Cape Elizabeth

DATES

HRS

>

160pg/m

April 19 
October 30

3U

# HRS >
200ug!m 3

# HRS >
MAXIMUM
24 O).J g/m 3 CONCENTRATION
\.Ig/m 3

349

163

73

I-Hr 450

July 31

23

9

3

I-Hr 336

August 3 
August 17

15

11

3

1-Hr 320

August 20 
September 28

15

3

0

I-Hr 225

April 30 

Gray

Portland

Unity

TABLE 2
ozot£MTA~Y

1978

NUMBER OF
SITE

#

HRS

*

HRS

200-239

SAMPLING

160-199

DAYS

lJg/m3

}.Ig/m 3

1# HRS
~

240

lJ9/m 3

MAXIMUM
HOtmLY

CONCENTRATION

Cape Elizabeth

193

117

51

35

392

Bridgton

117

42

5

2

245

Augusta

139

110

43

36

328

52

19

1

0

206

109

0

0

0

147

Southwest Barbor
Presque Isle

SOURCE: Maine Department of Environmental Protection
State Implementation Plan
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TABlE 3
oza£ VIOlATlOOS IN fUffi.AND 1977
DATE

:HJLR

OZONE CONCENTRATION

MO/DAY

D.S.T.

\Jg/m 3

5/05

16qO

193

5/24

1700

174

5/31

1900

218

6/09

1600

210

6/14

1300

180

6/24

1800

250

6/28

1800

336
SOURCE:

MAINE DEP
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to suffer from higher levels of ozone.

They were wanled to avoid

exertion t stay indoors as much as possible, in a cool, well-ventilated
area.

During the summer of 1979, the Waterville Sentinel reported

receiving numerous phone .calls asking what in the air was making breath
ing so laborious and irritating the eyes.

In response the Sentinel

started ozone watches warning Greater Waterville residents when ozone
was unhealthful.

Clearly the ozone violations are aggravating and

affecting Maine residents.

It is apparent that a strategy must be

adopted to control ozone :U1 Maine.

Application of EKMA to Maine
The Department of Environmental Protection in Maine decided to apply
the Empirical Kinetic Modeling Approach (EKMA) to the ozone data in the
state.

EKMA (Freas, et. al. 1978) is used to describe the behavior of

photochemical pollutants, and evaluate the impact of possible control
strategies.

EKMA uses an isopleth chart to relate the sensitivity of

peak-hour ozone concentrations to changes in precurso'r concentrations.

EKMA depends on two basic variables:

addi t i vi ty and the ra tio:- of

nonmethane hydrocarbons to oxides of nitrogen.

Additivity represents

the rate at which transported ozone reacts with local hydrocarbons and
oxides of nitrogen.
four factors.

Determination of the additivity rate depends on

The first factor is the dilution rate, or the extent and

rate at which the daily mixing depth increases.

Bolzwoth (1972) has

determined that the average dilution rate in northern New England -en
hances the additivity of ozone.

The second factor is urban area.

Additivity increases with decreasing city size, hence the additivity
of ozone in Maine based upon factor two would be quite high.

Factor
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three is the ratio· of nomnethane hydrocarbons to oxides of nitrogen.
Londergan and Polgar (1975) indicate a higher than average ratio .in
Maine of 11:1.

Lastly, factor four indicates that additivity is in

creased if air is not exposed to continued emissions of hydrocarbons
and oxides of nitrogen from a local source.

This is the case in Maine.

Air moves briskly through the area during periods of high ozone con

centrations, leading to the conclusion that brisk air from the south
quadrant is bringing ozone into Maine, and consequently increasing the
additivity rate.

Based on these four factors and Londergan and Polgar I s work on the
ratio of nonmethane hydrocarbons to oxides of nitrogen, I will assume

an additivity rate of sixty percent and a ratio of nonmethane hydro
carbons to oxides of nitrogen of 11: 1 in my analysis.

Table 4 shows the data used in the EXMA process of computing the
necessary reduction in hydrocarbons in Portland in order to meet a
pollution standard for ozone of 160 \.Igjm 3 •

As shown from the table, the maxi mum reduction in hydrocarbons to

meet the standard of 160 lJg/m 3 is seventeen percent, provided that the
ozone transported into the state approaches the natural background level
of 80 llgjm 3 •

However, i t is not at all evident that the sources of

ozone precursors in other states will assume their full responsibility
and contain their precursors enough so that only the acceptable 80 119jm 3
of ozone is transported to Maine.

CO' MV..r...-u

..
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TABLE 4
EIq.1A

REDOCTIONS
LOCAL . NECESSARY REDUCTIONS
CONTR IBUT ION IN LOCAL 1-f'fffiOCARBON EMISSIONS
OF OZONE

DATE

t-fJLR

OZONE
CONCENTRATION
AT (;MY

MO/OA/YR

D.S.T.

\Jg/m 3

).lg/m 3

\Jg/m 3

5/05/77

1600

200

125

138

15

5/24/77

1700

174

244

52

0

5/31/77

1900

218

222

107

0

6/09/77

1600

210

131

145

15

6/14/77

1300

180

97

131

9

6/24/77

1800

250

240

130

a

6/28/77

1800

336

340

166

15

TRANSPORTED
OZONE

PERCENT

* this is aa8umin~ an NMHS/NOx ratio of 11:1, an additivity of 60\, and
a standard of 160 \Jg/m given a reduction in transport to 80 \J9/m3 in the future.
SOURCE:

Baaed on data from Norma Gordon, meteorologist, Maine Department of
Environmental Protection.
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An emissions inventory for Portland

hydrocarbons.

was developed for sources of

fly.droearbon-_'em.Lssions totaled 16,438 tons per year,

including ten percent for miscellaneous uninventoried sources. 59

TABlE 5
SlJwt1ARY OF PORTLAND AAEA HYDROCARBON EMISSIONS INVENTORY
EMISSIONS

SOLRCE

TONSIYEAR

Gasoline & Crude Oil Storage

2,186

Truck Transfer

1,020

Ship/Barge Transfer

1,489

Service Station Loading.

789

Service Station Unloading

815

Dry Cleaning

201

Architectural Coating
House Painting

259

Fuel Consumption

151

Degreasers
Paint ManU£acturing
Paper CO-a ting
Auto Refinishing

25
1

1,200
1

CUtback Asphalt

41

Open Burning

57

Highway Vehicles
Aircraft
Fuel Storage and Transfer

6,600
9

91

Plus 10% for miscellaneous Uninventoried sources 1,500

TOTAL

16,438

59Ma ine Department of Environmental Protection, State Implementation
(Maine

~
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As mentioned in the beginning of this paper, the Federal Govern

ment has outlined ways to decrease hydrocarbon emissions.

Hydrocarbons

have been chosen as the IrJ:)st successful means for decreasing ozone
concentrations because technology has been developed with the aim of
controlling the IrJ:)re concentrated precursor, hydrocarbons, effectively
and at lower costs.

The Federal Motor Vehicle COntrol Plan (FMVCP) for passenger cars
will result in a total reduction of emissions of sixty to sixty-six
percent by 1987, taking into account both growth and tail pipe controls.
Other highway vehicles

ar~

expected to have a reduction in emissions of

from thirty-five to forty percent. 60

Since highway vehicles in Portland

account for over forty percent of the total hydrocarbon emissions, the
implementation and maintenance of such a program for automobiles would

be advantageous.

The Environmental Protection Agency has published a list of reason
ably available transportation control measures including improved public
transit, areawide carpool programs, on street parking controls, staggered

wou

hours and traffic flowsimprovements.

Applying these controls to

Portland is the next step in achieving a 160 ~g/m3 ai~ quality standard.
for ozone.

60 U. S . Environmental Protection Agency, Cost and Economic Impact
Assessment for Alternative-Levels of the National Ambient Air
Quality Standards for Ozone :(North Carolina 1979) ,p.3-2.
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TAPli 6
PROPOSED REDUCTIONS OF HYmOCARBON EMISS lOOS <TONS) *

CATEGORY

PERCENT

CURRENT
EMISSIONS

Gas & Oil
Storage

2186

Bulk Plant
Terminals

1020

REDUCTION

328

15

59

ACTUAL

REDUCTION

90

Service Station
Loading

789

Service Station
Unloading

815

82

90

Paper Coating

1200

90

95

Dry Cleaning

201

80

90

601

RACT
EMISSIONS

1858

918

419

55

734

93

668

102

734

147

82

1080 1140

120

60

40

20

161

181

12,863 12,401

TOTAL RACT EMISSIONS

In Table 6 I have outlined emissions reductions based on Reasonably
Available Control Technology -which_will produce a twenty-two to -twenty
five percent reduction in total hydrocarbon emissions in Portland.
These reductions are well above the seventeen percent required by the
Empi.:dcal Kinetic Modeling Approach in Table -4.

The idea behind the five

to seven percent margin of -additional control is that seventeen percent

is based upon the assumption that transported ozone will be decreased
to the 80 lJgjm 3 background.
to force states

While Maine should make a concerted effort

to cutdown on their. ozone transport, it is evident that

it will take some time before

su~~

_goals can be realized.

Therefore, I

--

advocate the more stringent hydrocarbon emissions control strategy.

* COmputed from data in COst and Economic Impact Assessment for
Alternative Levels of the National Ambient Air Quality Standards
for Ozone. U. S. Environmental Protection Agency, 1979.
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In addition, with the Federal Motor Vehicle Control Plan, which is ex
pected to decrease hydrocarbon emissions by sixty to sixty-six percent,
Maine will be decreasing its overall hydrocarbon emissions by fortynine to fifty-four percent.

Note, however, that in Table 6 I have not

included a percent reduction due to FMVCP.

This is because in the

summer, wi. th tour ism such an important industry in Maine, it is in!
possible to assess what impact out-of-state cars have ·on ozone levels.
I suggest, however, that the reasonable transportation control measures
are given careful consideration, as improved transit ~ll have a very
~
I

positive and calculated effect on the measure of ozone, especially in

J

the spring and summer when increased transportation and ozone violations

c(
1

coincide.

Problem of Transport and Existing SOlutions
It has been purposely emphasized that an extremely high percentage
of Maine I s pollution comes from olttside sources.

The health of Maine

residents should not be threatened by industries outside the state which
refuse to control their pollution.

It a1.so should not be the case that Maine industry be penalized by
having to cut down sharply on their pollution to compensate for negli
gent industries whose transported ozone measures a violation in Portland.
Situated in the north Northeastern pocket of the country, Maine is being
victimized by predominant summer winds from the south and southwestern
quadrants, which have been documented as laden with ozone precursors
from southern states.· Some action must be taken to alleviate this
injustice.
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The authors of the Clean 1Ur Act realized that air pollution trans
port would be a problem, and have designed provisions to help de.a.l with
these conflicts.

For example, implementation plans require that each

new or modified pollution source which may make major contributions to
levels of pollution in excess of the national ambient air quality stan
dard in any air quality region outside the state, provide written notice
to all affected regions regarding those levels of pollution at least
sixty days prior to commencement of construction.

Any state representa

tive (usually the Governor), may petition the administrator for a find
ing that any major source would emit pollution in excess of the standard.
wi thin sixty days, the Administrator must make such a finding or deny

the petition. 61

Another petition allows that,
"whenever requested by the Governor of any State, the
Administrator shall, if such request refers to air
pollution which is alleged to endanger the health or
welfare of persons in a state other than that in which
the discharge or discharges originate, give formal
notification thereof to the air pollution control agency
of the municipality where such discharge originates, to
the air pollution control agency of the state in whose
jurisdictiOn the municipality is located and shall
promptly call a conference of these agencies. n62

Further, for the purpose of developing implementation plans for any
interstate air quality region, which Maine could develop with other
states, the Administrator is authorized to pay for two years up to one
hundred percent of the air quality planning program costs of any agency
designated by the Governors of the affected states.

After the initial two

years the Administrator is authorized to make grants to such agencies in an
amount up to three-quarters of the air quality costs of any agency. 63

6 ~S USC §7426

6%1 STAT §49l

63 42 USC §7401
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Alternative SOlutions
It is contingent that Maine would benefit from contracting other
states, especially Massachusetts and Ohio, to confer on control stra
tegies for restricting ozone transport into Maine.

If nothing else, at

least other states will realize Maine is aware of its transport problems
and desires a solution.
solution.

However, the conference cannot be a final

Often a conference only serves as a conduit for clarifying

the issues rather than finding solutions.

Nonetheless a conference

among states is a viable step toward alleviating Maine's Ozone trans
port problem.
~

Less amicably, Maine could sue states to:

Ca) clean up their ex

)
)

cessive transport;

(b) implement advanced RAC"I'i'or (c) reimburse Maine

monetarily for its detri.lllental ozone.

Advanced RACT is the term for

the expected identification of means and technologies to control emis
sions from solvent evaporation sources, which is expected to result in
a sixty-five percent reduction in hydrocarbons from solvent evaporation
sources in 1987. 64

Obviously a suit is a very troublesome option.

The judicial sys

tem is such that a case may not be heard for several years.

Documenting

exactly how much each state contributes to Maine's pollution is nearly
impossible.

Preparing a court case is time and money consuming.

chance of winning is not impressive.

One I s

More optimistically, a court

suit might make a state realize it cannot make Maine its air pollution
dumping ground.

Extracting money from the offending states as

64 U. S. Environmental Protection Agency, COst and Economic Impact
Assessment for Alternative Levels of the National Ambient Air
Quality Standards for Ozone
(North carolina 1979), p. 3-18.
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reimbursement has the effect of internalizing the externalities of
ozone, which is an effective method for bringing about abatement of
excessive pollution.
has two benefits.

Suing to force states to implement advanced RACT

First, the offending state will curb its 501

vent emissions by more than half.

Second, the state becomes the

testing, observing and perfecting ground for new control technolo
gies--an awesome penalty in itself.

As an alternative, Maine could sue the Environmental Protection

Agency.

Section 304 of the 1977 Clean Air Ammendments charges the

Administrator with responsibility for overseeing transport and inter
state pollution.

The Clean Air Act specifies that any person or group

may commence a civil action on their behalf against the Administratcr
where there is alleged a failure of the Administrator to perform any

act or duty under the Clean Air Act which is not discretionary with
the Administrator. 65

This option has the same strengths and weaknesses of the proposal
which preceeded it.

If none of these options seems feasible, hopefully RAC'I' will be
applied in full by the environmental agencies of the renegade states.
says Peter Haggarty of the Environmental Protection Agency's Region 1,
which includes all of New England,
"the aggregate application of RAeT should have an effect
of reducing emissions in the united states by sixty per
cent. However, it cannot be concluded that a sixty percent
reduction in other states I hydrocarbons through RACT will
resul t in a sixty percent reduction of the ozone transport-ed
to Maine. ,,66

65 9 1 STAT §604
66personal Interview, March 8, 1980.
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Currently there is a study being conducted by the Environmental
Protection Agency on the Northeast COrridor-Washinc;ton, D.C. to Maine,
and West to Ohio.

It is possible that this study will help identify

areas where states must control their hydrocarbon emissions, so as to
avoid overburdening Maine with transported -ozone.

A final alternative for cleaning up ozone is based on economic
incentives.

At least it would have the effect of reimbursing Maine

for its excess of transp£lrted ozone.

Maine would first have to roughly quantify the amount of ozone
being transported by each of the contributing states.

Then, accord

ing tfl the percentage each state contributes, Maine would issue
transferrable "rights to pollute" bundles
at a high cost.

to

each state government,

For example, one bundle of rights to pollute -might

contain four rights, at an entire cost for the bundle of one million
dollars.

If Massachusetts has four industries contributing to ozone

pollution in Maine, it would buy, at one million dollars, one bundle of rights
--

-

and distribute the- rights equa1.1y among the' :lndustries.

If Oliio had twenty-

eight industries contributing to ozone pollution in Maine, it would
buy I at a cost of seven million dollars, seven rights to pollute and
distribute them accordingly.

Recognizing that some industries might

control their ozone pollution so that the amount transported to Maine

is negligible, while another industry expands and CQntrihutes more,
the transferability of the permits allows a larger polluting indus
try to purchase the rights to pollute from a less polluting industry
within the state.

An equity coefficient must be incorporated to account

for the distance from the pollution source to Maine.

Thus the allocation of

rights coincides with the market interests of industry without decreasing
Maine • s "hard-ship" revenue.

c
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A program like this "lOuld have to be made by a contract between
Maine and contributing states, or through a legislative act.

The best

alternative is obviously to have states whose ozone is transported to
Maine curb their contributions I while perhaps the transferable dis
charge permits could be used in the interim between the present time
and when technology is developed (for example, advanced RACT) to de
crease ozone transport substantially.
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V. CONCLUDING REMARKS

Ozone is a difficult pollutant to control, based on its trans
portability.

It is not lethal in small quantities.

decrease visibility, but it has a distinct odor.

It does not

It does affect

breathing, especially among people with respiratory diseases.
a dangerous pollutant and it needs to be controlled.

It is

Further studies

of its effects on people, plants, and inorganic materiAls must be
conducted.

Based on the public information and scientific data avail

able, it appears the ozone standard should not be 240 ~g/m3, rather,

•

it should be at the 1978 level of 160 lJ.g/m 3 .

It is probable that the weake.ni..:Dg of the standaId was the result
of political persuasion.

It is cl:\.1.cial, however, that the Environmental

Protection Agency set standards, which in reflection of the Clean Air
Act, protect the public health with a margin of safety.

A degradation

of the standard for a pollutant we do not know a lot about, by fifty
percent is a careless, and perhaps dangerous, policy decision.

At the state level, Maine is taking the brunt of the Environmental
Protection Agency J

5

reluctance to sufficiently develop policies to

control standaIds for ozone.

Maine I s delimma is largely the result of pre

vailing south and southwesterly wind patterns in the ozone laden months of
spring and summer, which bring ozone

~

the coast, through Maine.

Like most poor states, Maine is also at a disadvantage because it
lacks the'extensive state government necessary to handle all the pollu
tion concerns of the state.

States which are not wealthy enough to

hire many employees are bound to be left behind, when technologies
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requiring a lot of money are presented by the Environmental Protection
Agency or wealthy states.

Because of this status, Maine, and other

fiscally less developed states must be,agressive in pursuing the
Environmental Protection Agency to take a substantial role in JIX)nitor
ing ozone, restricting transport and enforcing downwind states to
c0n:!Ply with the allowable rate of ozone transport of 80 \.Ig/m 3 .

If Maine does not want to act solely in its own behalf it could
enter into an agreement, either with the other New 'England states, or
wi th only Vermont and New Hampshire, which are similar in wealth, indus
trial development, and (geological) .location in order to present a JIX)re
consolidated and credible demand for action by the Environmental
Protection Agency and polluting states.'" Or, Maine could set up an
agreement between itself and other states in the Country which are
individually unable to control their pollution problems.

If these

states share resources and employees on issues where they 'have similar
problems, perhaps a joint effort would produce results.

The critical point is this, Ma.ine cannot afford to allow the con
tinuation of ozone transport into the state without taki..ng some defensive
action in its own behalf.

It must imaginatively and effectively design

a process by which the questions of ozone transport and pollution
control will be resolved.

* New Hampshire and Maine share an Androscoggin Valley air quality
area and have worked in conjunction to control air pollution.
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The senior Senator from Maine knows the sta.Jces involved in
control.l.iJi.g .-pollution.

Says he,

"the first responsibility is not the making of technolo-.
gica! or economic judgements-or even to be limited by
what appears to be technologically feasible. Our respon
sibility is to establish what the public interest requires
to protect the heal. th of persons. This may mean that people
and industries will be asked to do what seems to be impos
sible at the present time. But if health is to be protected,
these challenges must be met ...67

67Senator Edmund Muskie, Bearings before the senate Subcommittee on
Environmental Pollution (Washington, D.C. February, 1979).

APPENDIX

I

An Example of Row to Compute Reductions in Hydrocarbons

Through the Application of the Empirical Kinetic Modeling Approach

Example:

A moderate size city downwind from a major city in an
area where diurnal variations in the atmospheric mixing
depth are substantiaL

Ozone concentrations are assumed

to be 400 Ilg/m 3 and 60 percent additive.

Variables:

Present transported Ozone, To :: 400 llg/m 3

(.20 ppm)

Future transported Ozone, natural background,
Tf:: 80 Ilg/m3 {.04 ppm)
Present Ozone concentration, 0 3 :;;: 480 119/m3
Assumed Additivity,

Solution:

(1)

(.24 ppm)

A '" • 60

Adjust ozone value downward to reflect the impact
of transported ozone:

03 ADJ :: .24 -

(.60). (.20)

=

.12 ppm

If in the future, natural background were only 60
percent additive, local controls would have to
.ensure that synthesis of local emissions were under:
• 08 -

(2)

(. 60) • (. 04) -:;;: • 06 ppm

using the standard isopleth version of EXMA, find
the intersection of the .12 ppm ozone isopleth with
the NMHC/NOx :: 11:1 ray.
If NOx is kept constant, and only NMHC is reduced, the
corresponding (NMHC, NOx ) coordinates at the .06 ppm
ozone isopleth are
(.10 ppInC, .03 ppm) .

Required NMHC control

• 32 - .10
:z

:: .69 :: 69 percent reduction.

.32

u.s. Environmental Protection Agency. Uses, Limitations and
Technical Basis for Quantifying the Relationships Between Photo
chemical OXidants and Precursors. North carolina: office of Air
Quality Planning and Standards, 1977.
U.s. Environmental Protection Agency. Procedures for Quantifying
Relationships Between Photochemical Oxidants and Precursors: Supporting
oocuments. North carolina, 1978.
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